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ANTENNA SYSTEM, PARTICULARLY FOR RADAR 
APPLICATIONS IN MOTOR VEHICLES 

Background Informat ieft F/Wc/ Of The Invention 

Various planar antenna systems are familiar as antenna radiating elements having one or more 
conductive, radiation-capable areas (single patch or patch array) on dielectric substrate 
materials (patch antennas, microstrip antennas). 

Background In formation 

These patches are fed either directly via contacted lines, e.g., microstrip lines at the edge, or 
through the substrate via feedthroughs into the patch area or within the multilayer substrate 
having a suitable layout via field coupling. Additional elements like a "superstrate" (planar 
dielectric plate at a certain distance to the patches) or a "polyrod" are used to attain a narrower 
antenna lobe characteristic. 

The antennas are covered with a radome as mechanical protection against the environment 
(rain, snow, dirt, rockfall, ...). In special cases, the function of the superstrate is integrated into 
the radome by suitable geometry and material selection. 

Complementary systems are also familiar, in which in the layout, the patches are metal- free, 
1 5 and the surrounding area is conductive. 

Summary ef-fee Of The Invention 

Using the m e asur e s of Claim 1, i. e ., usingp resent invention, which involves an antenna feeding 
substrate having conductor structures for field coupling to one or more planar antenna radiating 
elements, a mounting part for the planar antenna radiating element(s) that is able to be fixed in 

20 position against the antenna feeding substrate - the mounting part itself or a housing part able to 
be joined to it with form locking in particular, being provided for the HF-shielding of the 
antenna feeding substrate, and the mounting part and/or the housing part being structured in 
such a way that, viewed from the planar antenna radiating element(s) in the radiation direction, 
a wave guidance is achieved - an antenna system can be attained which is low-expenditure, 

25 ensures an advantageous decoupling, offsets manufacturing tolerances, exhibits low losses and 
a large bandwidth. The expenditure for assembling the overall system into which the antenna 
system is integrated can be minimized by the measures of the present invention. 
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Advantag e ous furth e r refin e m e nts ar e point e d out in th e dep e ndent claims. 

Bars, which are suitable for forming HF compartments over the antenna feeding substrate, may 
be easily integrated into the housing part. This is used for the mutual decoupling of the planar 
antenna radiating elements (patches) or their signal feed, and other HF circuits on the same 
5 substrate. 

The planar antenna radiating element(s) may be applied on one or both sides of a dielectric 
substrate. This eliminates the need for mounting the antenna radiating elements individually. 
The substrate, i.e., the individual antenna radiating elements, may advantageously be 
introduced into cut-outs in the mounting part, so that a defined distance to the antenna feeding 

10 substrate is ensured, even given manufacturing tolerances. The cut-outs may also be used 

advantageously for forming complementary planar antenna radiating elements (slot antennas). 
The field coupling between the antenna feeding substrate and the radiating elements may be 
optimized if the distance is selected to be less than one fourth the operating wavelength, 
preferably 0.02 to about 0.1 of the operating wavelength. The antenna radiating elements or the 

15 dielectric substrate may be easily mounted and fixed in position if, in the direction of the 

antenna feeding substrate, the housing part is provided with at least one opening whose bottom 
is preferably planar. If the transition from the bottom/end of the opening to the outside of the 
mounting part is horn-shaped or funnel-shaped, it is possible to achieve optimal wave guidance 
for the radiation, as well as optimal wave-impedance transformation from the radiating element 

20 to the free space. 

A, in particular, metallic mounting part itself or a housing part may have a cover made of 
dielectric material that is formed and dimensioned in such a way that it may be used as a 
radome or superstrate. In the region of the openings, this outer cover may have projections 
which engage with form locking in the openings or, in the case of complementary, planar 
25 antenna radiating elements (slot antenna), penetrate the latter. This measure leads to a reduced 
volume or overall length compared to conventional patch antennas, which is advantageous 
especially in automotive applications in the region of the bumper. 

If the mounting part is made of a dielectric material, it may be formed and dimensioned in such 
a way that it itself may be used as a radome or superstrate. 

30 The planar antenna radiating element(s) may be embedded or injected into the dielectric 

mounting part. Alternatively, the planar antenna radiating element(s) may be embedded into a 
dielectric functional part which is insertable with form locking into the mounting part and/or 
the housing part, especially into its opening. 
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The mounting part may be furnished with snap-in locking elements for introducing and fixing 
the antenna radiating elements in position. This facilitates the mounting and the exchange of 
antenna radiating elements. 

Desired antenna lobes may be set, or unwanted side lobes may be suppressed by way of 
5 different numbers of antenna radiating elements compared to associated coupling slots in the 
antenna feeding substrate, as well as different distances. 

A stack arrangement, i.e., placing a plurality of antenna radiating elements one above the other, 
may easily be implemented by incorporating into the dielectric functional part or the radome. 

By inclining the surface normals of at least two antenna radiating elements or inverse planar 
10 antenna radiating elements relative to each other, the radiation lobes may be optimized for 
desired antenna applications, as well. 

Standard, planar antenna radiating elements (metallic platelets) may also be combined with 
inverse, planar radiating elements (slot antennas), in each case one type of planar antenna 
radiating elements being accommodated in another structure (mounting part, cover). The 
15 number and the distance may be varied here, as well. 

Brief Description of th e Drawin g Of The Drawings 

Ex e mplary e mb odi m e nts of th e pr e s e nt inv e ntion ar e e xplain e d in d e tail in light of th e drawing. 
Th e figur e s show: 

Figure 1 shows a section through an antenna system having patches in a dielectric mounting 
20 partf. 

Figure 2 shows a section through an antenna system having patches in a dielectric functional 
parti 

Figure 3 shows an exploded view of an antenna system from abovef. 
Figure 4 shows an exploded view of an antenna system from belowf. 
25 Figure 5 shows an antenna system having patches injected or clipped into the radome^. 

Figures 6 to 9 shows an antenna system having patches in a substrate for external mountings 
Figures 10 to 14 shows an antenna system having patches in a substrate for inner mountings 
Figures 15 to 17 shows an antenna system having inverse patches^. 
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Figures 18 to 19 shows an antenna system having dielectric filling of the inverse patches^. 

Figures 20 to 22 shows an antenna system having additional stack patches in the radomef. 

Figures 23 to 25 shows an antenna system having centrally-arranged patches over coupling 
slotst. 

5 Figures 26 to 28 shows an antenna system having different distances between coupling slots on 
one hand and patches on the other handf. 

Figures 29 to 31 shows an antenna system having different distances between the coupling 
slots and between the patches^. 

Figures 32 to 34 shows an antenna system having patches inclined relative to the plane of 
10 symmetryf. 

Figures 35 to 37 shows an antenna system having inverse patches inclined relatively to each 
other and standard patches in the radome. 

Detailed Description of Ex e mplary Embodim e nts 

The present invention starts out from known, mutually insulated, planar, metallic antenna 
1 5 radiating elements (patches) that are positioned at a defined distance over an antenna feeding 
substrate and are fed by field coupling. In this context, the intervening space may be made 
either of air, which means the antenna radiating elements are mechanically retained outside of 
the patch area, or may be made of a plastic having a low dielectric constant (close to 1), which 
may be foamed. 

20 Figure 1 shows a first construction of an antenna system according to the present invention in 
section. An antenna feeding substrate 1 is provided with suitable conductor structures for field 
coupling via air to one or more planar, metallic patches (antenna radiating elements) 2 arranged 
above it. Patches 2 are provided in a mounting part 3 made of plastic. The distance between 
feeding substrate 1 and a patch 2 is selected to be less than one fourth the operating wavelength, 

25 preferably 0.02 to about 0.1 of the operating wavelength. Preferably, patches 2 are captively 
injected at the same time during the production of plastic part 3 by injection molding, either in 
such a way that the metal platelets are completely extrusion coated, or in such a way that they 
are only partially surrounded above, below or at the edge by plastic. The lamina have at least a 
thickness as is necessary for producing the plastic/metal composite construction. The stack of 
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patches is also easy to produce, preferably having two superposed patches at a distance up to 
approximately 1/10 the wavelength of the medium situated in between. The stacked patches 
may have the same or different sizes and geometries. In Figure 1, a housing part 5 is provided 
which is situated between antenna feeding substrate 1 and mounting part 3. In the area of a 
5 patch 2, housing part 5 has an opening 6, into which mounting part 3 having patch 2 projects. In 
this embodiment variant, the end of opening 6 is open - thus represents an antenna cut-out - in 
order to achieve the field coupling between patch 2 and antenna feeding substrate 1. The 
transition of opening 6 from the end to the outside of housing part 5 is horn-shaped or 
funnel-shaped, in order to achieve a selective wave guidance in the radiation direction and, at 
1 0 the same time, to achieve an optimal wave-impedance transformation from patch 2 to the free 
space. Housing part 5 is conductive - e.g., is made of AL-pressure die-casting or metal-plated 
plastic injection molding. It may therefore serve as HF-shielding for antenna feeding substrate 
1 situated under it. 

For better decoupling of the signal feed to individual patches 2, housing part 5 is provided with 
15 bars 7. In this manner, HF-compartments are formed over the conducting structures of antenna 
feeding substrate 1, which prevent signal crosstalk to an arrangement in an adjacent 
compartment. A housing base 8 is located below antenna feeding substrate 1 . Mounting part 3 
and housing base 8 are joined with form locking to housing part 5, e.g., by screwing, clamping, 
adhesive bonding, etc. Mounting part 3 has a suitable geometry for accommodating the antenna 
20 feeding substrate and mounting part 3. In the case of an asymmetrical plastic patch part, the 

upper side or lower side may face antenna feeding substrate 1 . The housing is formed in such a 
way that the distance between antenna feeding substrate 1 and patch 2 is defined over the entire 
periphery of mounting part 3. Given a suitably impervious construction, the plastic part may at 
the same time assume the function of the radome, thus eliminating the need for an additional 
25 cover. 

Alternatively, conductive housing part 5 is not the accommodation of the complete antenna 
feeding substrate, but rather on its part, is applied so that it is positioned only partially on 
antenna feeding substrate 1. In this case, a further part is needed as housing. 

In the embodiment according to Figure 2, the patches are embedded/injected into an additional 
30 functional part 4 made, for example, of plastic, which is inserted with form locking into 

housing part 5, especially into its funnel-shaped or horn-shaped opening 6. Mounting part 3 
covers this functional part 4 and forms one unit with it. At the same time, it may be used as a 
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radome. The mounting part preferably has a groove 8, into which functional part 4 is able to be 
pressed or cemented in place. Figure 3 shows the two alternatives of Figures 1 and 2 in a 
perspective view from above, and Figure 4 from below, the alternative of Figure 1 being 
depicted on the left and the alternative of Figure 2 on the right in one common unit. This 
5 common unit having the two alternatives is advantageous, for example, if the one alternative is 
used as a transmitting antenna, and the other alternative is used as a receiving antenna. For 
example, the alternatives may then be optimized precisely to the different antenna 
characteristics desired, e.g., narrow transmit characteristic and wide receive characteristic or 
vice versa. 

10 Figure 5 shows an alternative for incorporating patches 2 into mounting part 3. On its lower 
side, mounting part 3 has snap-in locking elements 19 for introducing and fixing/clipping 
antenna radiating elements (patches) 2 in position. These snap-in locking elements 19, together 
with patches 2, project through the antenna cut-outs of housing part 5, and after antenna 
feeding substrate 1 and mounting part 3 are fixed in position on housing part 5, are captively 

1 5 positioned over antenna feeding substrate 1 . 

Figure 6a in a perspective view, and Figure 6b in a view from below, show an exemplary 
embodiment in which the antenna radiating elements, here three patches in one column, are 
applied on a dielectric printed circuit board substrate 9, on one or both substrate sides. If 
patches 2 are applied on both sides, they may also have different geometries (patch O and patch 
20 U). As before, antenna feeding substrate 1 is situated at a distance of 0.02 to approximately 0.1 
of the operating wavelength from patches 2. As in the previous exemplary embodiments, 
mounting part 3 for dielectric substrate 9 having patches 2 is conductive, e.g., is made of 
AL-pressure die-casting or metal-plated plastic injection molding. 

Mounting part 3 itself is used here as a housing part, as may be the case for other embodiment 
25 variants, as well, and is designed to be cup-shaped having an upper cover side 10 and a housing 
frame 1 1. In the region of substrate 9, mounting part 3 has an opening 6 in the direction of 
antenna feeding substrate 1 , the end of this opening changing into a cut-out for the field 
coupling of antenna feeding substrate 1 with substrate 9 or its patches 2. The transition from the 
end/bottom of opening 6 toward cover side 1 0 is funnel-shaped or horn-shaped for the wave 
30 guidance in the radiation direction. In the exemplary embodiment of Figure 6, substrate 9 is 
mounted from outside, i.e., is introduced into opening 6 up to its planar bottom and fixed in 
position there before it changes into the cut-out. In order to form HF compartments for 
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shielding antenna feeding substrate 1 , mounting part 3 has bars 7, each extending, for example, 
from housing frame 1 1 up to opening 6. The patch side of substrate 9 is mounted in defined 
manner facing or facing away from antenna feeding substrate 1, in Figure 6, facing. Given a 
suitably impervious construction, substrate 9 may at the same time assume the function of the 
5 radome, thus eliminating the need for an additional cover. Alternatively, conductive mounting 
part 3 is not the accommodation of the complete antenna conductor substrate 1 , but rather on its 
part, is applied so that it is positioned only partially on antenna feeding substrate 1 . In this case, 
a further part is needed as housing. 

Figures 7, 8 and 9 show the external mounting in detail in a plan view and in section. Substrate 
10 9 having patches 2 is situated at the end of opening 6 on a bead 12 which keeps it at a defined 
distance from antenna feeding substrate 1 . In the case of the inner mounting according to 
Figures 10 through 14, substrate 9 is fixed in position from below against stop 13 of mounting 
part 3 in the region of opening 6, so that it has a defined distance to antenna feeding substrate 1 
in this specific embodiment, as well. 

15 In the following, a complementary (inverse) planar antenna structure is described, which 

compared to complementary patch antennas with air clearance requires no special part with the 
inverse structures, since they are integrated into an already existing part. This leads to a costs 
reduction due to fewer parts and less tolerance dispersion (extra parts which are not present 
also have no tolerance). According to Figures 15 through 17, the antenna system having 

20 complementary structures is made up of an antenna feeding substrate 1 having suitable 

conductor structures for field coupling via air to one or more complementary patches. The 
distance of the patches to antenna feeding substrate 1 is less than one fourth the operating 
wavelength. Practical values are 0.02 to approximately 0.1 of the wavelength. Also provided is 
a conductive housing part/mounting part 3 having a suitable geometry for accommodating 

25 antenna feeding substrate 1 . In the feeding area over substrate 1 in the continuation of the beam 
path, corresponding patch cut-outs 14 are provided that function as slot antennas. Cut-outs 14 
have well-known patch shapes such as the rectangular shape shown. Below the patches, in the 
case of patch arrays, any feeding may be compartmentalized via bars 7, as implemented before. 
This compartment geometry is selected in such a way that very good adaptations result for the 

30 antenna at the operating frequencies. Antenna feeding substrate 1 is attached to the housing 
according to the methods such as screwing, adhesive bonding, clamping... described before. 

Variants and elaborations are described in the following: 
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The existing cover 15 of the system, made of a suitable dielectric material such as plastic or 
ceramics, is formed and dimensioned in such a way in the antenna area that radome properties 
are ensured. Preferably, the special forming is directed into the housing. This yields the 
smallest possible volume for the device. This is possible since compartments for HF circuits 
5 locally next to the antennas require a certain height, which is then available in the antenna area 
to the antennas themselves as usable volume. The existing cover 15 of the system, made of a 
suitable dielectric material such as plastic or ceramics, is formed and dimensioned in such a 
way in the antenna area that radome properties are ensured. Preferably, the special forming is 
directed into the housing. This yields the smallest possible volume for the device. This is 

10 possible since compartments for HF circuits locally next to the antennas require a certain 

height, which is then available in the antenna area to the antennas themselves as usable volume. 
The existing cover 15 of the system, made of a suitable dielectric material such as plastic or 
ceramics, is shaped in the antenna area into the device interior, i.e., into openings 6, that is, has 
at least one projection 51 (Figures 18 and 19), such that the air space extends up to the outer 

15 patch surface, or even projects through the patch cut-out. Further improved antenna properties 
can be attained with insignificant additional expenditure. Stacked patch antennas may easily be 
realized in combination with the inverse patch arrays indicated above and the previously 
described metal patch attachment (inject or clip stack patches 21 into cover 15) (Figures 20 
through 22). The dimensions and shapes of the stacked patches may be the same or different. 

20 In the further course of the antenna axis, cut-outs 6 in mounting/housing part 3 may again have 
familiar funnel or horn antenna shapes. Alternatively, the conductive housing is not the 
accommodation of the complete conductor substrate, but rather on its part, is applied so that it 
is positioned only partially on the substrate. In this case, a further part is needed as housing. 

In a further embodiment variant, an arrangement of N slot structures can be provided on the 
25 surface of the ceramics, by way of substitution printed circuit board or multi-layer composite 
materials, which feed an array of M patches attached to a cover housing. For example, four 
metal patch platelets are situated centrally at a constant height above the four coupling slots in 
the LTCC substrate or organic multi-layer substrate. 

The first advantage is that a narrow coupling network can be created on a planar substrate that 
30 feeds a system of spatially distant structures which have a larger aperture. 
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By selective utilization of an odd-numbered arrangement of feeding elements with a larger odd 
number of patches, it is possible to produce the desired radiation pattern with a wider lobe and 
a maximum perpendicular to the surface, if no phase shift is set between the element currents. 
A system having an even number of feeding elements and a larger even number of patches 
5 leads to an even wider lobe, however with a slight minimum in the perpendicular direction to 
the surface. If one selects this feed at maximally 3 dB, it is possible to enlarge the opening 
angle up to 20% compared to the last design approach. 

It is possible to consertedly improve the side lobe attenuation by the arrangement of 
even/uneven or uneven/even number of feeding elements/patches. 

10 Until now, a constant distance of patches and coupling elements (coupling slots) was always 
assumed. However, the distance may also be selected to increase or decrease symmetrically, in 
each case separately for feeding elements or patches. It is thereby possible to set the coupling 
factors more finely, and to attain additional directional diagram properties such as improved 
side lobe attenuation or beam expansion through small feeds. 

1 5 Likewise, a predefined power distribution (tapering) to the feeding elements and patches may 
be achieved by altering the coupling coefficients. 

If mechanical reasons or production reasons point in its favor, coupling networks may be 
densely packed and, to that end, fewer patches used (N>M); Example: patches that are too large 
in the radome fed through small-structured slots. 

20 Figures 23 through 25 show a system having four centrally-situated patches over 

corresponding coupling slots 22 on antenna feeding substrate 1. In the variant according to 
Figures 26 through 28, M patches 2 are disposed above N coupling slots 22, equal distances 
being maintained between the coupling slots, and different or equal distances being maintained 
in the case of patches 2. In the variant shown, 

25 N = 5 equidistant patches 2 are depicted in the radome over 

M = 4 equidistant coupling slots 22 on antenna feeding substrate 1 . With increased number of 
transmitting patches 2, one obtains dimensionally longer antennas with greater range, as is 
otherwise not possible through the substrate dimension alone, i.e., the substrate dimension may 
be selected to be smaller than usual. Compared to the first variant, in the variant according to 

30 Figures 29 through 3 1 , the distances are set - separately for coupling slots 22 and patches 2 - so 
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that they change in a manner that they increase or decrease symmetrically to the outside. M and 
N are natural numbers, where preferably M>N. 

In the exemplary embodiments introduced until now - like, for example, four patches 2 each at 
a constant height above coupling slots 22 of antenna feeding substrate 1 (LTCC circuit or 
5 organic multilayer substrate) and feeding with equal power and phase - side lobe radiation 
which is unnecessarily high and an antenna diagram which is not optimal may result. This 
disadvantage can be overcome if at least two planar antenna radiating elements 2 and/or 
inverse, planar antenna radiating elements are inclined relative to each other with respect to 
their surface normals. Figures 32 and 33 show a variant relating to this, having, for example, 3 

1 0 complementary (inverse) patches 2 (slot antennas) which are inclined inwards. To this end, the 
base of indentation 6 of mounting part 3 is divided into three areas inclined relative to each 
other, in which slots are provided in each case. Due to the different coupling coefficients, 
caused by different heights in the Z direction, a greater side lobe attenuation can be produced. 
For a wide lobe, on the other hand, patches 2 may be inclined outwards in divergent fashion. A 

15 rotation of the surface normal about the Y axis induces a beam swing, away from the normal. 
The rotation may also be unequal for individual patches 2. Upper cover 23 is used as a radome 
and has no electrical function. 

To increase the bandwidth and to utilize a larger aperture (greater antenna gain), it is 
advantageous to give radome 23 an electrical focusing, similar to known dielectric lenses. The 
20 effect is even amplified if electrical radiator structures are additionally mounted on the radome. 
This may be accomplished by injection, pressing in or electroplating. 

If more patches are applied to the radome than coupling slots, a supply circuit which can be 
small-dimensioned is able to illuminate a much larger area (to this end, cf. the embodiment 
variants according to Figures 29 through 31). The additional advantages as described before, 

25 e.g., utilization of an odd-numbered arrangement of feeding elements with a larger odd number 
of patches, as well as the distance variation in the Z direction, may likewise be achieved. In 
addition, the patches may also be tilted about the Y axis for the beam deflection. A notched or 
stepped form of the radome is likewise able to be produced. A continuous contour is often 
required for reasons of production engineering. A tapering may be provided, as well. 

30 Arrangements such as nonuniform distances of the coupling slots, nonuniform distances of the 
patches, arrangement of several columns having elements optimized per se on continuous or 
notched contours, as well as N feeding elements with M coupling slots, and the fact of a tilted 
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radome arrangement may, of course, be produced individually or in combination within the 
intention of this invention, as well. 

In the following, a few of the variants previously pointed out are clarified with the aid of 
drawings. 

5 Figures 32, 33 and 34 show a system having inverse patches 2, in which the surface normals are 
rotated inwards. Naturally, systems rotated outwards may also be provided. The heights may 
also include positive or negative steps. To set a certain preferential direction, the inverse 
patches may also be rotated about the Y axis (Figure 34, above left). The depiction is based on 
one column having 3, 4 or 5 patches; however, patch arrays having a number of columns other 
10 than 1 may also be assembled, e.g., 6x4 elements with a continuous, inner, curved surface. In 
elaboration of the previous, in Figures 35 through 37, in addition to the inverse patches, further 
normal patches 2 are held in the radome material. The result is an antenna system having a 
wider bandwidth capability. In addition, the number of slots (inverse patches) and normal 
patches is different. 

15 As before, the M patches are now fed through N coupling slots on a level, HF-suitable printed 
circuit board made, for instance, of organic material or ceramic substance such as LTCC 
(antenna feeding substrate 1). The Z distances of patches 2 increase symmetrically outwards. 
The patches may also rest on a notched boundary curve and be tilted in the X and/or Y direction. 
Naturally, the system may also be implemented in several different columns. Depending on the 

20 beam shaping desired, the Z distances may also decrease symmetrically outwards. Continuous 
contours are often preferred for production reasons. 

Usage possibilities for the exemplary embodiments presented above preferably arise in 
automotive engineering such as radar distance measuring, ACC (automatic cruise control), 
parking aid, vehicle-vehicle communication, tire-pressure transmission engine-data 
25 transmission. An application in electric tools, e.g., for detecting lines, is likewise possible. The 
use is usually limited to frequencies above 1 GHz. 
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Abstract O f The Disclosure 
In an antenna system, an antenna feeding substrate (±)-is connected by its conductor structures 
via field coupling to planar antenna radiating elements-(2). A mounting part-(3), able to be 
fixed in position against the antenna feeding substrate-^}, is provided for the antenna radiating 
elements-(2). The mounting part-(3) itself or a housing part (Stable to be joined to it with form 
locking is used for the HF shielding of the antenna feeding substrate-(4-). The mounting part-(3) 
and/or housing part (5}-are structured in such a way that, viewed from the planar antenna 
radiating elements £t)-in the radiation direction, a wave guidance is achieved. 

(Figure 1) 
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